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HEAT  TRANSFER  TEST  OF  AN  0. 006-SCALE  THIN-SKIN 
THERMOCOUPLE  SPACE  SHUTTLE  MODEL  (50-0,  41-T)  IN 
THE  NASA-AMES  RESEARCH  CENTER  3.5-FOOT  HYPERSONIC 
WIND  TUNNEL  AT  MACH  5.3  (IH28) 

by 

J.  W.  Cunnnings/T.  F.  Foster 
Shuttle  Aerosclences 
Rockwell  International  Space  Division 
W.  K.  Lockman 
NASA-Ames  Research  Center 

ABSTRACT 

This  report  presents  data  obtained  from  a heat  transfer  test  con- 
ducted on  an  0. 006-scale  Space  Shuttle  Orbiter  and  External  Tank  in  the 
NASA-Ames  Research  Center  3.5-foot  Hypersonic  Wind  Tunnel.  The  purpose 
of  this  test  was  to  obtain  data  under  simulated  return— to— launch— site 
abort  conditions.  Configurations  tested  were  integrated  orbiter  and 
external  tank,  orbiter  alone,  and  external  tank  alone  at  angles  of  attack 
of  0,  ±30,  ±60,  ±90,  and  ±120  degrees. 

Runs  were  conducted  at  Mach  numbers  of  5.2  and  5.3  for  Reynolds 
numbers  of  1.0  x 10®  and  4.0  x 10®  per  foot,  respectively.  Heat  transfer 
data  were  obtained  from  75  orbiter  and  75  external  tank  Iron-constantan 
thermocouples . 

This  report  consists  of  2 volumes.  Volume  1 contains  Figures  4->-15; 
whereas.  Volume  2 contains  Figures  16-»-27  and  the  Tabulated  Source  Data. 
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INDEX  OF  DATA  FIGURES  (Cottcluded) 
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(B) 

HI/HU  versus  X/L 
HI/HU  versus  PHI 
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H/HREF  versus  X/L 

(D) 

HI /HU  versus  X/L 
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H/HREF  versus  Z 

(F) 

HI /HU  versus  X/L 
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H/HREF  versus  X/C 

(H) 
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H/HREF  versus  2Y/B 
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HI /HU  versus  2Y/B 
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RQME»rCX<ATUREi 


SYMBOIi 

n/a 

SYMBOL 

OEPtMmOM 

b 

thiekBess  of  model  skin,  in. 

B 

BREF 

epen  length,  in. 

C 

epecifio  heat  of  model  skin  material,  BTV/lbgr^ 

c 

chord  length,  in. 

Cop  Cl,  C2 

constants  in  curve  fit  for  C over  model  vail 
temperature  range 

Cp 

specif!**  heat  of  air  streem  (perfect  gas  value), 
Bro/lbn-OR 

CHAN 

CHAM 

Recording-system  channel 

Ikat 

HAW 

adiabatic  vail  enthalpy,  BSU/lb^ 

Bfc 

m 

free-stresm  total  enthalpy,  BTO/lb^ 

BO 

average  of  free-stream  total  enthalpy  values  of 
all  tunnel  runs  incorporated  into  an  aero  data- 
set, BTU/lb„ 

HW 

enthalpy  based  on  model  vail  tei^perature  for 
given  T/C  location  at  Initial  time,  BTO/lb^ 

h 

H 

heat-transfer  coeffieient  at  model  vail  for 
given  t/c  location 

hs 

BS^  HREF 

stagnation-point  heat-transfer  coefficient  for 
reference  sphere 

h/h. 

n/Bs, 

H/HRBr 

ratio  of  model  heat-transfer  coefficient  to 
heat-transfer  coefficient  of  reference  sphire 
for  WHt  - X.XXX 

IML 

inner  mold  line 

L 

LREP,  LENGTH 

model  refeianee  length,  la.  or  ft. 

Moo 

MACH 

free-stream  Mach  number 

«w 

enthalpy  based  on  model  wall  temperature. 
BTU/lb„ 

6 


SOMERCIAlURB  (dontlnued) 


s^mfioL 

PLOT 

sxmbol 

DBPIlIXTiON 

Pt 

PT 

free-sti'eaa  total  pressure , psia 

PO 

average  of  free«streaa  total  pressure  valuer 
of  all  tunnel  runs  incorporated  into  an  aero 
dataset,  psla 

• 

QPOT,Q 

heatotransfer  rate  at  model  vail  for  given  t/c 
location  at  Initial  time,  firo/ft^-sec 

^8 

QS, 

stagnation-point  heat-transfer  ra-to  for  ref- 
erence sphere  at  Initial  time,  BTU/ftR-sec 

Rs 

BS 

reference  sphere  tadlus  at  model  scale  equiva- 
lent to  0.305  m (1  ft)  for  full-scale  vehicle 

Sea/ft 

RE/FT 

free-stream  Reynolds  number  per  foot 

* 

rn/l 

average  of  free-stream  Resrnolds  number  values 
(per  foot)  of  all  tunnel  runs  Incorporated 
Into  an  aero  dataset 

R®00^ 

BEL 

free-stream  Reynolds  number  based  on  model 
reference  length,  L 

s/b 

body  vetted  running  length 

St 

ST 

Stanton  number  based  ou  free-stream  flow 
conditions  and  the  model  heat-transfer 
coefficient  for  %w/Bt  ■ 3t.XXX 

T 

tenrperature,  ®R 

Tt 

TT 

free-stream  total  temperature,  ^ 

TO 

average  of  free-stream  total  temperature 
values  of  all  tunnel  runs  Incorporated  Into 
an  aero  dataset,  ^ 

TW 

model  vail  temperature  for  given  T/c  loca- 
tion at  initial  time,  ®R 

IKMEMCLAfURE  (Contlnutd) 


SYMBOL 

PLOT 

SXt4B0L 

DESlRITIOH 

t/c 

t/c 

thexiDoeoupl« 

t 

tlflM,  see 

ti 

TIMB 

Initial  tine  (before  nbdel  insertion  into 
flow)  extrapolated  from  f(Ty)  vs.  time^  see 

u,V 

velocity,  ft/see 

W 

density  of  model  skin  material  lbm/ft3 

X 

axial  diatanoe  neastared  fron  nose,  in. 

x/c 

ehordwise  loeatlon,  fraction  of  local  chord 

x/l 

longitudinal  loeatloii,  fraction  of  body 
len^h 

Y 

spanwlse  distance  from  centerline,  in. 

2y/B 

2Y/B 

spamrlse  location,  fraction  of  semi-span 

z 

Z 

water  plane  distance,  in* 

Z/Wf 

speund.se  location  on  vertlccal  tail,  fraction 
of  exposed  span 

or 

ALPHA 

ahi^e  of  attack,  degrees 

P 

3IETA 

angle  of  sideslip,  degrees 

M 

viscosity  of  air,  Ib-see/ft^ 

P 

density  of  air,  lbgi/ft3 

0 

THBEA 

external  tank  angular  surface  coordinate, 
measured  clockwise  looking  forward.  0 degrees 
at  bottom  centerline,  degrees 

d 

PHI 

otbiter  angular  surface  coordinate,  measured 
clockwise  looking  forward.  0 degrees  at 
bottom  centerline,  degrees 
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ftiji-grr. 


NOMENCLATURE  (Concluded) 


^MROL 

PLOT 

SYMBOL 

DEFINITION 

W.l‘. 

water  plane,  height  measured  along  Z 
axis,  ln> 

B.L. 

BP 

butt  plane,  distance  from  orblter  centerline 
in  the  outboard  direction,  in. 

HI/HU 

ratio  of  interference  to  undisturbed  heat 
transfer  coefficients 

ZMRP 

moment  referenc  : point  on  Z axis 

YMRP 

moment  reference  point  ou  Y axis 

XMRP 

moment  reference  point  on  X axis 

SREF 

reference  length  or  wing  mean  aerodynamic 
chord;  ft. 

SUBSCRIPTS 

aw 

adiabatic  v-  .;11 

1 

Initial  value  before  model  Insertion 

0 

Orblter 

PG 

perfect  gas  (calorically  and  thermally 
perfect  gas) 

8 

reference  sphere 

t 

free-stream  total  condition 

T 

tank 

V 

vertical  tall 

W 

wall 

CO 

free-stream 
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COMPIGURATIONS  INVESTIGATED 


The  model  (Orbiter  and  External  Tftnk)  tested  was  a 0»D06*8cale 
representatior  of  the  Rockwell  International  Space  Shuttla  Vehicle.  The 
Orbiter  and  External  Tank  are  defined  by  Rockwell  lines  SS-H-Ol^i-l^^  end 
SS-H-01415. 

The  Orbiter  and  Tank  were  initially  built  by  Gruifiman  Aircraft, 
Bethpage,  New  York,  but  the  Orbiter  vas  modified  with  additional  therrto- 
counles  added  to  the  upper  surface  of  the  left  wing,  vertical  tail,  and 
OMS  pod.  Modifications  of  both  Orbiter  and  External  Tank  stings  were 
accomplished  to  carry  Increased  loading  Within  the  high  angle  of  attack 
range. 

The  Orbiter  was  a full  span  (cast  stainless  steel)  model  with  thin- 
skin  inserts.  Thln-skln  stainless  steel  (1T-4PH)  inserts  were  located 
on  the  underside  region,  left-hand  wing  (top  and  bottom),  windshield 
area,  left  fuselage  side,  OMS  pod,  and  vertical  tail.  These  inserts  were 
instrumented  with  89  Iron-constantan  thermocouples  of  which  only  T5 
were  used  during  this  test.  The  model  was  built  With  all  control 
surfaces  in  the  (P  deflection  condition. 

The  External  Tank  was  constructed  of  thin-skin  (15-5PH)  stainless 
steel.  The  Thnk  was  Instrumented  with  111  iron -cons tantan  thermo- 
couples, of  which  only  75  were  used. 

The  Orbiter  and  External  Tank  Were  designed  so  either  could  be 
tested  alone  or  in  the  second  stage  configuration. 
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The  fol3 owing  eonflgueatlon  components  were  tested^ 
Notation  PescrlTytlon 


®22 


M,. 


W, 


111 


'8 


Fuselage  (l-lUjB  Lines) 

Canopy 

Body  FUp 

OMS  Fods 

Vertical  TOll 

Wing 

External  Tank  (-139  Lines) 


MOOEt  INgTRUlMAnOlf 


The  Orblter  and  External  Tank  vere  Instrumented  with  SOO  Iron* 
eorstantan-thexmocouples , but  only  1^0  vere  used  for  this  test*  All  -- 
thermocotqplas  vere  spotwelded  to  thln*skln  (nominal  skin  thickness  of 
0*030  in*^  stainless  steel  inserts  and  the  leads  vere  eiaiq;>ed  in  bundlea 
within  the  model*  The  exact  t/c  locations  for  the  Orbiteir  and  External 
Tank  are  presented  in  Tables  IV  and  V,  respectively,  and  illustrated  in 
Fijjures  2a  and  2b,  respectively.  The  T/C  leads  were  50  feet  long  and 
fitted  with  Cannon  Plug  connectors. 
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TfiST  FACILITY  ISSCHIFTION 

Hie  BASA-Amee  3*? -foot  fitirpersonle  Wind  !lHumel  is  a elosed-elreult, 
blowdovn-type  tunnel  capable  of  operating  at  nominal  Mach  numbere  ot  3$  1* 
and  10  at  presstires  to  l800  psla  and  teopefatures  of  3^»00<%  for  run  times 
to  four  minutes.  The  major  conponents  of  the  facility  include  a gas 
storage  system  where  the  test  gas  is  stored  at  3000  psl,  a storage  heater 
filled  with  aluminum-oxide  pebbles  capable  of  heating  the  test  gas  to 
3400®R,  axlsymmetric  contoured  nozzles  with  exit  diameters  of  k2  inches 
for  generating  the  desired  Mach  number,  and  a 900,000  ft^  vacuum  storage 
system  which  operates  to  pressvtres  of  0.3  psla.  Tbie  test  section  Itself 
is  an  open-jet  type  enclosed  within  a chamber  approximately  12-feet  in 
diameter  and  40-feet  in  length,  arranged  transversally  to  the  flow  direc- 
tion. 

A model  support  system  is  provided  that  can  pitch  models  through  an 
angle-of -attack  range  of  -20  to  '**20  degrees,  in  a vertical  plane,  about  a 
fixed  point  of  rotation  on  the  tunnel  centerline.  This  rotation  point  is 
aidjustable  from  1 to  ? feet  from  the  nozzle  exit  plane.  The  model  normal- 
ly is  out  of  the  test  stream  (strut  centerline  37  inches  from  tunnel 
centerline)  until  the  tunnel  test  conditions  are  established  after  which 
it  is  Inserted.  Insertion  time  is  adjustable  to  as  little  as  ^ second 
and  models  may  be  inserted  at  any  strut  angle. 

A high<*speed,  analog-to-digital  data  acciuisitlon  system  is  used  to 
record  test  data  on  magnetic  tape.  The  present  system  is  equipped  to 
measure  and  record  the  outputs  from  80  transducers  in  addition  to  20 
channels  of  tunnel  parameters. 
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TEST  PROCEDURE 


Heat  Transfer  Data  were  obtained  by  measuring  the  temperature  rise 
over  a period  of  time  from  a total  of  150  iron-cons tantan  thermocouples. 
The  model  vas  injected  into  the  flow  in  approximately  1 second  and  held 
on  tunnel  centerline  for  approximately  1 second.  Temperature  measure- 
ments and  tunnel  conditions  were  recorded  on  magnetic  tape  at  0.07- 
second  Intervals  by  the  data  acquisition  system  from  the  start  of  model 
injection  to  the  start  of  model  retraction. 

H of  75  thermocouples  could  be  recorded  for  any  given  run. 

The  thermocouple  leads  were  routed  from  the  model  throxigh  the  tunnel 
model-injection  mechanism,  and  connected  to  a Junction  box  which  was 
wired  directly  to  a thermocouple  reference-temperature  (150^)  box.  The 
Junction  box  connectors  were  wrapped  with  asbestos  for  heat  protection 
from  the  tunnel  test-chamber  ambient  conditions  (no  free-stream  flow 
on  box)..  Thermocouple  changes  were  accomplished  by  changing  5 Cannon 
Plugs  containing  15  thermocouples  each.  Prior  to  testing,  a ther:^u2ouple 
heat-response  check,  through  the  data-acquisition  system,  was  performed 
on  all  thermocouples  to  assure  proper  hook-up,  polarity  and  response. 

Prior  to  each  run  with  model  attitude  changes,  the  model  was 
leveled  in  pitch  and  roll  by  means  of  leveling  blocks  which  attach  to 
the  sting  assembly  of  the  Orbiter/External  Tank.  When  leveling  the 
models,  an  inclinometer  was  placed  on  the  leveling  plate.  Proper  roll 
relationships  between  the  models  were  set  using  scribed  lines  on  the 
model  stings. 
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All  test  data  were  reduced  at  the  HASA/Anes  Heseareh  Center  using 
the  data-reduetlon  techniques  outlined  belov.  The  thentoooi^le  data  eere 
reduced  using  the  one-dimenslonal|  thln-vall  equatlom 

4 • WCb  ^ • h (^v  - Iv)  = hBt  I ^ 

uhlch  neg^acts  heat-conduction  losses. 

Assuming  that  V and  h are  constant  smd 

+ + *ir®  f9r  *11  xeugges  (2) 


the  integration  of  equation  (1)  for  t « tj  tc 
to  Tyi  yields  the  linear  equation: 


t and  «« 


* • %)  (3) 


vhere  it  is  defined  that: 

^ ♦ Cl  (5) 

4 specific  heat  at  adiabatic  vail  tenperature 
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data  JlEIWCTIOM  (Continued) 


Th«  form  of  Bq  (3)  1®  - «*  + ® whore  m lo  the  slope  end  a Is 

the  intercept  for  a strait  Une  If  heat-conductlon  errors  are  negllglhl*. 
Thus,  deviations  from  a stialjdit  line  can  Indicate  heat-conductlon  effects. 

1!1m  slope,  m,  of  f(«W)  ▼«  t from  Eq  (3)  1®  coeluted  hy  a least- 
sq]uares,  stial^t-llne  fit  over  a finite  time  Interval  (approx.  1 sec) 
l^glnnllig  tihen  the  model  reaches  uniform  tunnel  flow.  ®he  value  of  the 
heat-transfer  coefflclmat#  h.  Is  then  determined  fromt 

(6) 

Using  this  value  of  h,  the  heat-transfer  rate  Is  evaluated  at  the  Initial 
time,  ti  , when  the  model  Is  Isothermal  at  the  Initial  wall  enthalpy, 

®wi 

4 • 4i  - *®  (iw  • *^i)  = ( 3f^  • Sr) 

where  %w/>tt  ^ ^ evaluate  h.  ®he  resultant  value 

of  4 1®  independent  of  the  vaHi*  of  H^y/St  both  the  h and  q 


•valuations* 

She  reference  sphere  heating  Is  also  evaluated  at  the  Initial  wall 
by  the  method  of  Esy  and  Blddell 


4s  ■ **s  (®t  • ^1^  2 **•  *t 


(^•*  * ^ 


(8) 


The  model-to-sphere  ratio  of  heat-transfer  coefficients  Is  then 
determined  from  Iqs.  (7)  and  (8)  as 


h ^ 


- %i/it 


(9) 
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DATA  reduction  (Concluded) 
where  is  constant  for  all  values  of 
To  aetemloe  h/h,  for  vrlou.  «luo»  of 
%v/®t  substituted  into  Eq.  (9)» 

The  Stanton  number  is  defined  as 


• P«(Haw  - ^ 

where  for  free-stream  conditions,  pu  * ^00^00  ♦ 

The  calculations  of  the  model  heating,  reference  sphere  heating,  and 
Reynolds  number  included  the  corrections  of  NACA  report  1135  3) 

for  calorically  imperfect,  thermally  perfect  air.  Keyes’  equation  for 
viscosity  (Ref.  h)  was  also  used  for  the  sphere  heating  and  Reynolds 
number  computations: 


O0O232  X 10~^T^*^ 
, 220  . -9/T 

1 + X 10 


(11) 


where  the  units  for  T and  m are  ®R  and  Ib-sec/ft  , respectively. 


17 


CM 


R&FE!RE]fCBS 


1,  Walstad,  D.  0.:  Pretest  Information  for  Tests  of  an  0.006-Scale 

Thln-Skln  Space  Shuttle  Heat  TraniSfef  Model  (50-0,  4l-T)  In  the 
Ames  Research  Center  3.5-foot  HWT  Wind  Tunnel  Test  IH28. 
SD-7^-8H-0135>  March  27,  197*^. 

. Riy,  J.  A.j  and  Riddell,  P.  Theory  of  Stagnation  Point  Heat 
Transfer  In  Dissociated  Air*  J.  Aeron.  Sci.,  Vol*  25,  Ho*  1, 
February,  1958,  PP  73-85* 

3.  Ames  Research  Staff:  Equations,  Tables,  and  Charts  for  Compressible 

Floe*  NACA  Rept*  1135,  1953* 

U,  Bertram,  Mitchel  H*:  Comment  on  **Vlscoslty  of  Air*"  J.  Spacecraft 

and  Rockets,  Vol*  4,  No*  2,  February,  1967,  PP  287-288* 


18 


1 


'1 


TABI2  1 


TEST  « IH28  (ARC  3»5«199)l 


TEST  CONDITIONS 


IDATES  6-e»T»> 


MACH  NUMBER 


REYNOLDS  NUMBER 
(pet  foot) 

TOTAL  PRESSURE 

(poi^s/s^*  inch)  ( 

ims 


TOTAL  TEMPERATURE 
(degrees  tenklne 


BALANCE  UTILIZED: 


CAPACITY: 


ACCURACY: 


COEFFICIENT 

TOLERANCE: 


COMMENTS:  T5  IroB-conitWitMi  T/C*«  oH  OBi 

T5  IroB-oonstaiitui  T/C*t  on  IT 
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jTEST  3r^~i9£r)  I DATA  SET/RUN  NUMBER  COLLATION  SUMMARY  [DATE  : 


1 

VI 

1 

0 

1 
1 

TEST  RUN  NUMBER 

s 

- 

■ 

1 

1 

1 

1 

1 

! 

1 

1 

I 

L_ 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

- 

N 

’-0 

'S 

0- 

ri 

PO 

> 

N 

V8 

N* 

V) 

B 

D 

8 

f 

«0 

N 

'S 

-1 

<T 

> 

JX 

'8 

■s 

•X 

V 

0 

r- 

ro 

fO 

NO. 

OF 

RUNS 

N 

■ 

IB 

m 
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■ 

■ 

" 

m 

n 

a 

E 

Bi 

Ui 

3 

J 

< 

> 

QC 

UI 

h 

UI 

s 

< 

or 

< 

A. 

■ ■ ^ 

■ 

■ 

1 

1 

■ 

■ 

1 

1 

1 

■ 

■ 

1 

1 

■ 

1 

1 

1 

1 

I 

V> 

i 

E 

■ 
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l: 

o 

1 
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V 
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E 

■ 

■ 

S 

"" 

SCHoJ 

0 

IHi 

'9 
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m 
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IBI 



iS 

E5 

IBM 

- 

M 

CONFfGU  RATION 



K' 

<3 

1 

K 
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‘ 

1 

1 

1 

K tt 

UI 

U»  J 

ii 

1 

H 

0 

1 

•*) 
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'T 

<3 

O 

K 

5 
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r-H 

•N 

f9 

Vr> 
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■ 

II 

1 

II 

1 

1 

1 
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TYPt  OF  DATA  COEFFICICNT  SCHEOUIES 

Qi-Oft»tt£afTatftHogflai»Lg.  H«>aica»(cgrtST^s£T.lg^  PSlLfL 

T."»TA»>if^T.4eAMQai>a«Lt  UatmuP  &£T Aco\ 


4th  character  of  the  dataset  identifier  describes  the  T/C  location. 

■ underside  fuselage  C - OMS  pods  F - wing  lower  surface 

external  tank  D - chine  G - wing  upper  surface 

body  sidewall  £ _ canopy  H - vertical  tail 


I 


TABLE  III 

MODEL  Dlf^NS  ZONAL  DATA 

t 

MODEL  COMPONENT:  BODY  • B22 


GENERAL  DESCRIPTION:  _Pa3elAgn.  Configuration  U oar  Rockwell  Unaa 
VL70-000U73*  

NOTE:  Identical  to  B19»  except  undex*slde. 

Model  Scale  « 0,006 


DRAWING  NUMBER:  V1.70-0001ii7B 


DIMENSIONS: 

Length  - in 
Max.  Width  - in 
Max.  Depth  - in 
Fineness  Ratio 
Area  - Pt^ 

Max.  Cross*$ect1ona' 

Planforui 

Wetted 

Base 


FULL-SCALE 

MODEL  SCALE 

1290.3 

7.742 

267.6  1.606 


m.5  1.U67 


' 4.84601 

4..8L601 

386.67 

0.0139 
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r 


1 


. TABLE  Hi  (Continued) 

) ' MODEL  DIMEK3I0NAL  DATA 

MODEL  COMPONENT}  C»nopy  - C7  


GENERAL  DESCRIPTION!  Configuration  3 per  RockwoXX  Lines  VL70-000139 


TABLE  III  (Continued) 
MODEL  DIMENSIONAL  DATA  , 


MODEL  COMPONENT*  F5  Body  ?Up 

, 3 ConTlguration  per  Rockwell  Lines  VL70-000139 

GENERAL  DESCRIPTION:  3 oonxxgui^ ^ 


Scale  Model  “ 0,006 


drawing  number  VL70-000139 


DIMENSION: 

Length  - in 
Mok  Width-  in 
Mox  Depth 
Fineness  Rotio 
Areo  - n2 

Mox  Cross-Sectlonol 

Plonfoitn 

Wetted 

Bose  ' 


FULL  SCALE  MODEL  SCALE 

SA.70  - 

267.6  1.606 


lls2.3  .005 

.OOlU 


38.0958 


» 

■ I • 

TABLE  III  (Continued) 

MODEL  DIMENSIONAL  DATA 

MODEL  COMPONENT:  OIS  Pod  - Ml j 

I 

0 

GENERAL  DESCRIPTION:  Configuration  3 per  Rockwell  Lines  VL70-000139 


NOTE:  M4  identical  to  M3,  except  intersection  to  fuselage* 


Model  Scale  ° Q.OQ& 

DRAWING  NUMBER  , VL7Q~000139 


DIMENSION: 

• 

FULL  SCALE 

MODEL  SCALE 

Length  - IN 

346.0 

2.076 

Mox  Width  - IN 

108.0 

•Sub 

Mox  Depth  ~ Iti 

113.0 

.678 

Finsnets  Ratio 
Area'-  FT^ 


Max  Cross-Sectional 
Plonform  • 

Wetted 
Base 
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TABLE  III  (Continued) 
MODEL  DIMENSIONAL  DATA 


MODEL  COMPOKEWT:  ~ EXTERNAL  TANK 


GENERAL  DESCRIPTION:  Configuration  per  Rockwell  Lines: 

VI.79-000018  nnd  VLT2-00006l”C**  Body  of  Revolution 


Scale  Mode]  « 0,006 


mumm  number  vli  3-000018 


DIMENSION: 

Length  - In.  (Nose  @ = 309) 

Max  Width  (Dla)  - In. 

Max  Depth 

Fineness  Ratio  L/D 
Area  - Pt.^ 

Ifeix  Cross-Sectional 

Planforro 

Wetted 

Base 

WP  of  tank  centerline,  (^)  In. 


FULL  SCALE  MODEL  SCALE 
186.50  1-119 

324.0  1.944 


6.1389  6.1389 

572.56  0.02061 


400.0  2.400 
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TABLE  III  (Continued) 
MODEL  DIMENSIONAL  DATA 


MODEL  COMPONENT V yERTIC/1  « V7 

GENERAL  DESCRIPTION)  Centerline  Vertical  Tall,  Doublewdie  Airfoil 
with  Rounded  Leadlnct  Edge 


MOTE;  Sane  as  V5>  but  with  manipulator  housing  removed* 


Model  Scale  = 0.006 


DRAWING  NUMBER:  yi 

DIMENSIONS: 

TOTAL  DATA 

Area  (Theo)  Ft^ 

Planforra 
Span  (Theo)  In 
Aspect  Ratio 
Rate  of  Taper 
Taper  Ratio 

Sweep  Back  Angles,^  degrees 
Leading  Edge 
Trailing  Edge 
0*25  Element  Line 
Chords : 

Root  (Theo)  WP 
Tip  (Theo)  WP 
MAC 

Fus*  Sta.  of  ,2S  MAC 
W*  P.  of  *25  MAC 
B*  L.  of  .25  MAC  . 
Airfoil  Section 

Leading  Wedge  Angle  Deg 
Trailing  Wedge  Angle  Dec 
Leading  Edge  Radius 
Void  Area 
Blanketed  Area 


rLTO-OOOll 


FULL-SCALE 

I 

• \ 


MODEL  SCALE 


^015 


— AStW 

sLm. 

■„Ali3.30 


■UOa.47 


lOiWQ 

— 14«920 


■ .10.000 


TABLE  III  (Concluded) 
MODEL  DIMENSIONAL  DATA 


MODEL  COMPONENT:  WING«W  111 

GENERAL  DESCRIPTION:  Configumtlon  3A  per  Rockwell  Lines  VL70-000U7B. 

NOTE:  Idontlcal  to  W107»  except  lowered  3.5"  end  increased  cuff  incidence. 


Model  Scale  « 0.006 


TEST  NO. 

DIMENSIONS: 

TOTAL  DATA  , 

' Area  (Theo.)  Ft* 

Planform 
Span  (Theo  In. 

Aspect  Ratio 
Rate  of  Taper 
Taper  Ratio 

Dihedral  Angle,  degrees  (®  T.E.  of  Elevon) 
Incidence  Angle,  degrees 
Aerodynamic  Twist,  degrees  . 

Sweep  Back  Angles,  degrees 
Leading  Edge 
Trailing  Edge 
0.25  Element  Line 
Chords: 

Root  (Theo)  B.P.O.O. 

Tip,  (Theo)  B.P, 

MAC  ^ 

Ris.  Sta.  of  .2S  MAC 
.W.P.  of  .25  MAC 
B.L.  of  .25  MAC  . , 

exposed  data  2 

Area  (theo)  Ft* 

Span,  (Theo)  In.  BP108 
Aspect  Ratio 
Taper  Ratio 
Chords 

Root  BP108 
Tip  1.00  b 
T 
MAC 

• Fus,  Sta.  of  .25  MAC 
W.P.  of  .25  MAC 
B.L.  of  .25  MAC 

Airfoil  Section  (Rockwell  Mod  NASA) 
XXXX«64 

Root  b • ® To  199  to  NACA  0010 

t 

Data  for  (1)  of  (2)  Sides 
Leading  Edge  Cuff  « 

Planform  Area  Ft*  ... 

Leading  Edge  Intersects  Fus  M.  L*  9 Sta 
Leading  Edge  intersects  Wing  9 Sta 


DWG.  NO.  VL70-000U7B 
FULL-SCALE  MOPa  SCALE 


3OTT 

C75DC 

4-3.6o6~ 


L5.000 

,35,202. 


TO 


Stir 


nr 


1752.29 

g.068 

5^2, Att- 

137. AS- 

393.03 


251^A- 


JU&. 


0.12 


aitfkkfc 


50Q.C. 


mtjk 


0.0968 
2.2( 


1.177 

TOT 

T 


0.506 

•t-3.o6o 

L5.000 

35,202. 


.135 


M. 


um. 


JL22L 


„Jix023, 


0.063 

TOST 


0^ 


0-S45k 


.W2L 


2.358 


Ju2SSL 


JLIO. 


0.12 


miim 
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TABIA  XV 


MteiQflOUPtg  IOCm0ll8_  __(0onelMag|^ 


30 


31 


TABLE  VI 

RUH  NUMBER/TUHHEI.  CONDITION  SUMMARY  (Concluded) 


8 8888J 

388SS{ 

588 

H H H H OJ  C 

M CM  H H H C 

a CM  CM 

& 

cooooooooooo 


O O O O O Q 
W H H H 


q o o o Q 

H CM  H OJ  H 


m 


if <5*—^. 


Ju  S 8i' ^ 5*^ 


Upper  ourl'ace  (Left  Wln^  ) I uitrutoentation 


• w 

•io 


a,  50-0  >rbiter  — 1Ut-B  Configuration  Thermocourle  Ijocationc 
FlL^ui'e  0.  Model  In8tr>unent'’.tion  oketches  (ConclniiH'O. 


u>  ; '..  >1  j<  U^iLint  OF  !'L' 


Specific 


Orblter/Tank  at  0.0  degrees 
Model  Installation  Photographs 


a.  Orblter/lfenk  at  120.0  degrees 
pj[gui>6  3»  Model  Installation  Photographs  ^ 

r.vvtt  f.F  ;v: 
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DATA  FIGURES 


Volume  1 
Volume  2 


- Figures  4-15 

- Figures  16-27 


LONGITUDINAL  LOCATION,  X/L 


LONGITUDINAL  LOCATION.  X/L 


.■J3HH/H*SiN3I3Idd303  yddSNViii  1V3H  33N3y3d3H  01  "IV303  dO  OllVd 


LONGITUDINAL  LOCATION.  X/L 


external  tank  (REVTI53 


d3aH/H*SiN3I3Idd303  a3dSNVyi  1V3H  3DN3a3J3d  01  HVDOl  30  OllVa 


LONGITUDINAL  LOCATION*  X/L 


LONGITUDINAL  LOCATIONt  X/L 


d3aH/H‘SiN3I,31dJ303  y33SNVbi  iV3H  33N3a333y  01  3V301  30  Oliva 


LONGITUDINAL  LOCATION»  X/;. 
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d3JIH/H‘SlN:il3I  Jd300  WMdSNViJi  IV3H  33N3y3.ri3H  01  3V303  30  OUV-iJ 
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external  tank  CREVT16) 


LONGITUDINAL  LOCATION,  X/L 


LONGITUDINAL  LOCATION.  X/L 


AKES  3.5-195  IH28  T1  EXTERNAL  TANK  (REVT17) 


d3aH/H‘SlN3I3Id330n  d3dSNVyi  1V3H  33N3M333H  01  1V301  30  0UV8 
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d3yH/H‘SIN3I0IdJ303  y3dSNVdi  iV3H  33N3d3d3d  01  IVOOl  dO  OliVd 


LONGITUDINAL  LOCATION.  X/L 


LONGITUDINAL  LOCATION,  X/L 


?ODO 


d3«H/H‘SlN3IDI JJ3DP  H33SNVai  1V3H  33N3y3J3y  01  3V303  JO  OllViJ 


Ai<ES  3.5-195  IH28  T1  EXTERNAL  TANK 


./  .b 

LONGITUDINAL  LOCATION,  X/L 


AHES  3.5-195  IH28  T1  EXTERNAL  TANK  CREVT18? 


LONGITUDINAL  LOCATION,  X/L 


IH28  TI  EXTERNAL  TANK  CREVT13D 


ANGULAR  COORDINATE  ON  MODEL  SURFACE.  DEGREES.  PHI 
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ANGULAR  COORDINATE  ON  MODEL  SURFACE.  DEGREES.  PHI 


ANGULAR  COORDINATE  ON  MODEL  SURFACE.  DEGREES.  PHI 


IH28  T1  external  tank 


:GULAR  COORDINATE  ON  MODEL  SURFACE.  DEGREES.  PHI 


AMES  3.5-195  IH28  T1  EXTERNAL  TANK  CREVT133 

MW/WT  X/L  M4CH 


ANGULAR  COORDINATE  ON  MODEL  SURFACE.  DEGREES.  PHI 


ANGULAR  COORDINATE  ON  MODEL  SURFACE.  DEGREES.  PHI 


ANGULAR  COORDINATE  ON  MODEL  SURFACE.  DEGREES 


ANGULAR  COORDINAiE  ON  MODEL  SURFACE.  DEGREES.  PHI 


ANGULAR  COORDINATE  ON  MODEL  SURFACE*  DEGREES.  PHI 
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J3aH/H‘SlN3131 JJ300  d33SNV8i  iV3H  33N3H333d  01  3V001  30  011V8 


ANGULAR  COORDINATE  ON  MODEL  SURFACE.  DEGREES.  PHI 


CREVT15) 


ANGULAR  COORDINATE  ON  MODEL  SURFACE.  DEGREES.  PHI 


iML  jiaiMiK  tiOM 


ANGULAR  COORD I NATE  ON  MODEL  SURFACE.  DEGREES.  PHI 


AMES  3.5-195  IH28  T1  EXTERNAL  TANK 


COORDINATE  ON  MODEL  SURFACE.  DEGREES 


ANGULAR 


ANGULAR  COORDINATE  ON  MODEL  SURFACE.  DEGREES.  PHI 


ANGULAR  COORDINATE  ON  MODEL  SURFACE.  DEGREES.  PHI 


ANGULAR  COORDINATE  ON  MODEL  SURFACE.  DEGREES.  PHI 
INF  . OPTHE 


AMES  3.5-195  IH28  T1  EXTERNAL  TANK  CREVTI63 


J3dH/H*SiN3IDI JJ303  iJ3dSNVai  1V3H  33N3a333a  01  1V301  30  OllVd 


ANGULAR  COORDINATE  ON  MODEL  SURFACE.  DEGREES.  PHI 


ANGULAR  COORDINATE  ON  MODEL  SURFACE.  DEGREES.  PHI 


AMES 


IH28  TI  EXTERNAL  TANK  CREVT175 


ANGULAR  COORDINATE  ON  MODEL  SURFACE.  DEGREES.  PHI 


ANGULAR  COORDINATE  ON  MODEL  SURFACE.  DEGREES.  PHI 


J3yH/H‘SIN3I3Iid303  y33SNV8i  1V3H  33N3d3d3d  Oi  1V301  30 


ANGULAR  COORDINATE  ON  MODEL  SURFACE DEGREES* 


AMES  3.5-195  IH28  T1  EXTERNAL  TANK 


PARA^TRIC 


ANGULAR  COORDINATE  ON  MODEL  SURFACE.  DEGREES.  PHI 


95  IH28  T1  external  TANK 


ANGULAR  COORDINATE  ON  MODEL  SURFACE.  DEGREES.  PHI 


J3«H/H‘SlN3IDldd303  y3dSNVyi  iV3H  33N3a3d3y  Oi  1V301  JO  OliVy 


ANGULAR  COORDINATE  ON  MODEL  SURFACE.  DEGREES.  PHI 
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/,0  60  80  iOO  12C  MO 

ANGULAR  COORDINATE  ON  MODEL  SURFACE.  DEGREES.  PHI 


H28  T1  EXTERNAL  TANi^  CREVT18) 


ANGULAR  COORDINATE  ON  MODEL  SURFACE.  DEGREES.  PHI 


EXTERNAL  TANK  CREVT18D 


ANGULAR  COORDINATE  ON  MODEL  SURFACE*  DEGREES.  PHI 
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TUOINAL  LOCATION,  X/L 
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